Introduction
In recent years, "personalized medicine" is a new principle that aims at tailoring medical treatment of the individual patients, thereby ending the current "one-fits-all" strategy. At present stage, cancer diagnostics are mainly based on the clinical manifestation, morphology, histology, cytogenetic, immune-phenotyping, and molecular genetic data, but identification of the molecular pathway driving tumorigenesis often fails [1] . Therefore, exploring and identifying novel biomarkers for early diagnosis and prognosis is necessary for a better control of cancer. MicroRNAs (miRNAs) are non-coding, small (19) (20) (21) (22) (23) (24) nucleotides in size) single-stranded RNAs that have emerged as potent regulators of the target genes
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International Publisher messenger RNAs expression in the response of cell to both physiological and pathophysiological conditions [2] . MiRNAs are deregulated in many types of solid and hematologic malignancies, where they can function as oncogenes, favoring initiation and progression of cancers, or as tumor suppressors, preventing tumorigenesis. Reflecting pathological processes today, miRNAs are widely validated for their potential role in diagnostic, prognostic and novel therapeutic targeting for cancers.
MicroRNA-155 (miR-155) is a kind of microRNAs expressed in hematopoietic cells. Recent data indicate that miR-155 plays a very important role in the pathogenesis of hematological malignancies through regulating cell signal transduction pathways of cell proliferation, differentiation and apoptosis [3, 4] . The previous meta-analysis has shown that miR-155 has great potential as a novel noninvasive biomarker for human cancer detection, including several kinds of solid tumor and hematologic malignancies. [5] . Altered expression of miR-155 has been reported in several hematologic malignancies [2, [6] [7] [8] [9] [10] , including diffuse large B-cell lymphoma (DLBCL), Hodgkin's lymphoma (HL), follicular lymphoma (FL), acute myeloid leukemia (AML), acute and chronic lymphoblastic leukemia (ALL, CLL), and myelodysplastic syndrome (MDS). Upregulated miR-155 expression was further associated with tumor progression and poor prognosis in several reports. Therefore, miR-155 may be an important indicator to assess the diagnosis, treatment and prognosis of patients with hematological malignancies. However, some studies reported its tumor-repressor role in several malignancies, such as Burkitt lymphoma. Obviously, there is a debate among miR-155's role in hematological malignancies. Meanwhile, most studies reported so far are limited in discrete outcome and sample size. To elaborate and assess the potential of miR-155 as a prognostic biomarker in hematologic malignancies, we conducted this systematic review and quantitative meta-analysis to clarify its prognostic and clinicopathological significance.
Materials and Methods
This systematic review and meta-analysis was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [11] .
Literature search
Two authors (Tang and Mei) independently used the following tools: PubMed, EMBASE, ISI Web of Science, Cochrane library databases and OVID to obtain relevant articles (published from Jan 1, 2008 to Aug 1, 2018 ). All eligible studies were considered for this review, and we also did a manual search, using the reference lists of key articles published.
Literature selection
The same two researchers (Tang and Mei) independently assessed all the included studies and extracted the data. Studies were considered eligible if they met the following inclusion criteria: (1) any type of hematologic malignancies was involved; (2) sufficient information about miR-155 expression and detection; (3) the expression levels of miR-155 were detected and divided into two groups (high expression VS low expression); (4) the survival curve or sufficient relevant data were provided to obtain HR for survival rates and their 95%CI; (5) published in English. Studies were excluded if they met the following criteria: (1) letters, case reports, reviews, conference abstracts and so on; (2) studies with insufficient data; (3) animal studies, cellular level studies or molecular level studies of miR-155; (4) multiple published reports. When there were several reports concerning the same study we included the high quality and most recent publication in our meta-analysis. Disagreement between the two reviewers was resolved by discussion with another reviewer (Hu).
Data extraction and Quality assessment
Data extraction was repeated independently by the two researchers (Tang and Peng), and any disagreement was resolved by a third researcher (Hu). For each study, the following characteristics were collected: the first author; publication year; country of the population enrolled; sample size; sample type, miR-155 expression level; number of patients and controls; cut off values; true and false positives and negatives; follow-up data; survival analysis methodology; HRs and 95%CIs and relevant clinicopathological parameters (gender, age, serum LDH level et al.). If HRs with 95%CIs that could not be directly obtained, we extracted necessary data from Kaplan-Meier Curves, and inputted the obtained survival rates at specified time points into the spreadsheet set up by Tierney JF et al. to calculate HRs and 95%CIs by using the Engauge Digitizer version 9.8 [12] . If possible, we asked for original data directly from the authors of the relevant studies. Newcastle-Ottawa Quality Assessment Scale (NOS) checklist [13] were used to assess the quality of the studies we selected for this meta-analysis. This scale uses a star system to evaluate a study in three domains: selection of participants, comparability of study groups, and the ascertainment of outcomes of interest.
Statistical analysis
Pooled HRs with corresponding 95%CIs were used to evaluate the association between miR-155 expression and prognosis, and an HR > 1 represented poor prognostic outcome for patients with elevated miR-155 expression. Pooled ORs and corresponding 95%CIs were used to analyze the association between miR-155 expression and clinicopathological parameters. The test for heterogeneity was carried out using a χ 2 -based Q test and I 2 test. If no or moderate heterogeneity (I 2 < 50% or P > 0.10), the fixed-effect model was applied; if not, the random-effects mode [14] . Subgroup analysis and meta-regression were further performed to explore the source of heterogeneity. Influence analysis was conducted to explore the influence of one individual study on the overall estimate. The Begg's funnel plot was used to visually evaluate the publication bias of all studies included in our meta-analysis. And then the Egger's bias indicator test was performed for each of the pooled study groups [15] . Analyses were carried out by using STATA statistical software package version 15.0 (Stata Corporation: College Station, TX, USA). A two-tailed P < 0.05 was considered to be statistically significant.
Results

Literature search information and study characteristics
A total of 775 studies were retrieved from the databases according to the search strategy. As shown in Figure 1 , 18 studies from 17 articles [6, 8, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] were eligible for the final analysis on prognosis and clinicopathological features.
The comprehensive characteristics of studies included in this meta-analysis are shown in Table 1 . A total of 2316 patients from 18 included eligible studies with relevant clinical data were included in this meta-analysis. The sample sizes of these studies ranged from 35 to 364. The year of publication ranged from 2012 to 2018. The miR-155 expression levels in these studies were mostly measured by quantitative real time PCR (qRT-PCR). As for cancer type, most kinds of hematologic malignancies were included. 12 studies were about leukemia (including ALL, ATL, AML and CLL), and 6 studies were about lymphoma. 5 studies were performed in Asia, and 13 studies in western countries. The cut-off value of most studies was based on the median. The follow-up time ranged from 800 days to more than 15 years. Most studies were of high quality with scores of NOS ≥ 6 except two with the score of NOS = 4 and 5, respectively.
Systematic qualitative summary of association between miR-155 and hematological malignancies
Altered expression of miR-155 has been reported in most kinds of hematologic malignancies. Here, we did a qualitative review of the association between aberrant expression of miR-155 and hematological malignancies. As shown in the Table 2 , the expression of miR-155 was up-regulated in most kinds of hematologic malignancies, including DLBCL, B-NHL, HL, CLL, ALL, ATL and FLT3/ITD+ AML. Elevated expression of miR-155 correlated with poor prognosis, except that one study reported its tumor-repressor role in FLT3/ITD+ AML. In contrast to this, it has been found to be down-regulated in Burkitt lymphoma cell lines. The role of miR-155 in tumor mainly depends on the oncogenic function by its target genes and the involved underlying molecular pathways also presented in Table 2 . Further exposition and analysis were shown in the discussion part.
Association between miR-155 and clinicopathological characteristics
We pooled all clinicopathological data from eligible studies to analyze their association with miR-155 expression. As shown in Table 3 (Figure 2A ). Subsequently, five subgroup analyses of OS were performed by factors of the region, tumor type, B-cell malignancies or not, sample size and NOS score ( Figure 2B -F, Table 4 ). There was no obvious heterogeneity (P = 0.593; I 2 = 0.0%) across the selected datasets appraising the correlation between OS and miR-155. Moreover, significant heterogeneity was not found between groups of subgroup analyses. These results indicated that the included studies in the present meta-analysis were completely homogeneous and credible. In order to examine the stability of the pooled HRs in OS, influence analysis was carried out with the successive omission of each study (Figure 3) . The leaving-one-out study revealed that there was no individual cohort influencing the results greatly. The Begg's funnel plot was demonstrated in Figure 4A , and no apparent asymmetry was found in Begg's funnel plot. The Begg's test linear regression test also proved that there was no significant publication bias (P = 0.166). However, the Egger's linear regression test indicated significant publication bias (P = 0.026). Using trim and fill analysis, we found that five studies evaluating the prognostic role of miR-155 expression in OS in hematologic malignancies remained unpublished ( Figure 4B ). The filled meta-analytic results for OS (pooled HR = 1.64, 95%CI [1.44-1.87], p < 0.001) supported our original results.
Prognostic role of miR-155 in hematologic malignancies for DFS, EFS, PFS, TFS
Meanwhile, we pooled several relevant studies to show the relationship between disease free survival (DFS), event free survival (EFS), progress free survival (PFS), treatment free survival (TFS) and miR-155 expression ( Table 5 
Discussion
Various miRNAs play critical roles in the causation of different hematological malignancies. MiR-155 is one of the important miRNAs that contributes greatly to the pathogenesis of diverse hematological malignancies and solid tumors with complex oncogenic as well as tumor repressor roles depending on the disease context and tissue type [2] . Overexpression of miR-155 has been found to be associated with many hematologic malignancies, suggesting its oncogenic role in their pathogenesis [4] . However, some studies reported its tumor-repressor role in several malignancies, such as Burkitt lymphoma. Therefore, there is a debate among miR-155's role in hematological malignancies. Meanwhile, most studies reported so far are limited in discrete outcome and sample size. To elaborate and assess the potential of miR-155 as a prognostic biomarker in hematologic malignancies, we conducted this systematic review and quantitative meta-analysis to clarify its prognostic and clinicopathological significance.
Our meta-analysis revealed that elevated expression level of miR-155 was significantly related to However, no studies demonstrated significant association between miR-155 with patients' age, gender, serum LDH level, NPM mutation, WT1 mutation and remission. Notably, up-regulation of miR-155 was associated with FLT3/ITD mutated AML. Havelange et al. [31] found that miR-155 level in CN-AML was up-regulated, especially in the patients with FLT3/ITD mutation through the investigation of 48 cases of cytogenetically normal CN-AML. Thus, the role of miR-155 in the pathogenesis of AML may be related to the FLT3/ITD mutation in CN-AML. In a study by Palma et al. [32] , knockdown of miR-155 in the FLT3-wildtype AML cells was shown to lead to resistance to cytarabine arabinoside induced apoptosis and to suppression of cell differentiation. Cammarata' group [33] showed that overexpression of miR-155 in AML with FLT3/ITD mutation was accompanied by up-regulation of corresponding transcription factors, such as PU.1 and C/EBP-β, suggesting that miR-155 maybe a target of AML. Additionally, we can find that WT1 and CEBPA mutation is also significantly related to miR-155 expression, and they have been considered as prognostic indicator for AML. However, the specific association between WT1, CEBPA mutation and miR-155 expression remains to be explored.
The present comprehensive meta-analysis pooled a total of 18 independent cohorts with 2316 patients for prognostic test of miR-155 in hematologic malignancies. The results indicated that miR-155 overexpression was a prognostic risk factor for OS (pooled HR=1.72, 95%CI [1.50-1.97]). There was no obvious heterogeneity (P=0.593; I 2 =0.0%) across the selected datasets appraising correlation between OS and miR-155. Subsequently, five subgroup analysis of OS were performed by region (west VS east), tumor type, B-cell malignancies (yes VS no), sample size (≥100 VS <100) and NOS score (≥8 VS <8), and no significant heterogeneity between groups of subgroup analysis. According to the results, we can find higher prognostic role of miR-155 in B-cell malignancies, especially in CLL and DLBCL. But we just used one dataset to evaluate the prognostic value of miR-155 in ALL and ATL patients because of the data limitation. Meanwhile, we pooled several relevant studies to show the relationship between DFS, EFS, PFS, TFS and miR-155 expression. The results showed that elevated miR-155 expression level was significantly associated with shorter EFS, DFS, PFS and TFS. By combining HRs from Cox multivariate analysis, we found that elevated miR-155 expression level is an independent prognostic factor of DFS and TFS for hematologic malignancies. We used only limited studies to assess DFS, EFS, PFS and TFS, thus more and larger studies may be required.
Although our meta-analysis yielded an encouraging result of miR-155 for prognosis, several issues should be taken into consideration before suggesting any clinical conclusion. First, the cut-off values of high and low miR-155 expression were different among studies, although most of them were set to median. Second, the follow-up time were different among these studies from 800 days to more than 15 years. Third, differences of paper quality and sample size among these studies might cause bias in the meta-analysis although subgroup and meta-regression analysis did not show the paper quality or sample size as the resource of heterogeneity. Therefore, more and lager studied may be required. Fourth, HRs of five studies could not be directly obtained, thus calculating them through survival curves might not be precise enough. Lastly, most of the included studies reported positive results so our results might overestimate the prognostic significance of miR-155 in hematologic malignancies to some degree.
The obvious prognostic role of miR-155 in hematologic malignancies may be attributed to its underlying molecular mechanism and biological function. Different mechanisms have been postulated for the miR-155-mediated pathogenesis of hematological malignancies.
MiR-155-associated pathogenesis of acute myeloid leukemias has been proposed to be mediated through SHIP1 (Src homology 2 domain-containing inositol phosphatase) and C/EBP-β, two important regulators of B-cell maturation. MiR-155 is believed to promote the pathogenesis of AML by downregulating SHIP1, and thereby reversing SHIP1-mediated PI3K-Akt pathway suppression [4] . C/EBP-β is a transcription factor involved in negative regulation of the IL-6 signaling pathway in B-cells and also plays an important role in myeloid and lymphoid maturation [34] . Further, they found that knocking down SHIP1 or overexpressing miR-155 in HSPCs (Hematopoietic stem and progenitor cells) produced similar myeloproliferative phenotypes, with an increased number of CD11b+ myeloid cells in the bone marrow and spleen, decreased marrow erythropoiesis, and splenomegaly [35] . In contrast to this, Palma et al. [32] reported that overexpression of miR-155 was found to alter the expression of transcription factors and chromatin modifiers that regulate myeloid cell survival and differentiation, and upregulate mediators of the apoptotic cascade. Notably, our meta-analysis resolved this dispute, and we tend to support its indication for poor prognosis. Nevertheless, the further precise downstream pathways targeted by miR-155 remain to be elucidated.
Overexpression of miR-155 has also been found to be associated with the more aggressive and poorer prognosis type of CLL patients. Cui et al. [16] found that transfection of CLL cells with miR-155 reduced SHIP1 expression and enhanced responsiveness to B-cell receptor (BCR) ligation, whereas transfection with a miR-155 inhibitor had the opposite effect. Treatment of CLL or normal B cells with the CD40-ligand or B-cell-activating factor upregulated miR-155 and increased sensitivity to BCR ligation.
As for MDS patients, the relatively higher expressions of miR-155 had an adverse prognostic significance [9] . The dysregulation of miR-155 within the primitive bone marrow compartment may promote aberrant hematopoietic stem cell self-renewal and progression to AML. MiR-155 targets SHIP1 gene which was expressed in MDS progenitor cells, and loss of SHIP1 protein expression may result in myeloid leukemia growth. Because of its lack for sufficient data, we didn't include this study in our meta-analysis. Even so, this study supported our conclusion that miR-155 correlated with poor prognosis.
One of these proposed pathogenic mechanisms, especially for lymphomas such as DLBCL, is the down-regulation of B-cell lymphoma 6 protein (BCL6) and histone deacetylase 4 (HDAC4) by miR-155 [36] .
BCL6 mediates transcriptional repression in processes such as hematopoietic cell differentiation, leukemogenesis, and inflammation by recruiting HDACs like HDAC4. Sandhu et al. [37] found that miR-155 expression inversely correlated with BCL6 and HDAC4 expression. BCL6 was indirectly targeted by miR-155 through Mxd1/Mad1 up-regulation, while its corepressor partner HDAC4 was found to be directly targeted. They also found that increased ectopic expression of HDAC4 in human activated B-cell (ABC)-type DLBCL cells reduces miR-155-induced proliferation and clonogenic potential and increases apoptosis. Up-regulation of miR-155 in DLBCL resulted in higher activity of NF-κB leading to decrease in PU.1 and consequent reduction in CD10 mRNA and protein, and this pathway also occurred in HL. Meanwhile, SMAD5 is another miR-155 target considered to be involved in the pathogenesis of DLBCL, which plays a very important role in the signaling pathway by which TGF-β inhibits the proliferation of human hematopoietic progenitor cells [38] . Although the decreased expression was reported in BL cell lines, the explicit expression in BL patients was unclear [39] . Therefore, this meta-analysis didn't include the BL patients. Further finds about miR-155' role in other kinds of lymphoma needs to be explored.
As miR-155 plays a very important role in oncogenesis, especially for the hematologic malignancies such as DLBCL, anti-miRNAs targeting it might prove to be of significant therapeutic benefit. Overexpression of miR-155 has been associated with drug resistance in several human cancers, including breast cancer, B-cell lymphoma and colon cancer. Roosbroeck et al. [40] demonstrated that overexpression of miR-155 induces resistance to chemotherapy, which can be reversed upon miR-155 inhibition. However, limitations to this treatment include the instability of free-floating anti-miRNAs in the plasma and their vulnerability to breakdown by nucleases, tissue uptake and renal clearance [4] . These limitations may be overcome by nanoparticle-based delivery of the anti-miRNAs to target tissues. In a study by Babar et al. [41] , systemic delivery of antisense peptide nucleic acids encapsulated in unique polymer nanoparticles inhibits miR-155 and slows the growth of these "addicted" pre-B-cell tumors in vivo, suggesting a promising therapeutic option for lymphoma and leukemia. Nevertheless, more effective and reliable miR-155 targeted therapy remains to be discovered and explored.
Conclusion
In conclusion, our study suggested that miR-155 has strong potential to be considered as a novel prognostic biomarker in hematologic malignancies, and overexpression of miR-155 was associated with several clinicopathological features such as FLT3/ITD mutation in AML patients. This systematic review and meta-analysis is the first to demonstrate the prognostic and clinicopathological significance of miR-155 in hematologic malignancies, which may prove to be of great importance in the target treatment. In the future, more studies will be necessary to investigate the role of miR-155 in human hematological neoplasms. Further clear elucidation of the role and pathogenic mechanisms of miR-155 in hematological malignancies may provide useful clues on the development of effective treatment. 
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